Macrophage colony-stimulating factor-induced macrophage differentiation promotes regrowth in atrophied skeletal muscles and C2C12 myotubes.
Skeletal muscle injury and regeneration are closely associated with an inflammatory reaction that is usually characterized by sequential recruitment of neutrophils and monocytes or macrophages. Selective macrophage depletion models have shown that macrophages are essential for complete regeneration of muscle fibers after freeze injuries, toxin injuries, ischemia-reperfusion, and hindlimb unloading and reloading. Although there is growing evidence that macrophages possess major myogenic capacities, it is not known whether the positive effects of macrophages can be optimized to stimulate muscle regrowth. We used in vivo and in vitro mouse models of atrophy to investigate the effects of stimulating macrophages with macrophage colony-stimulating factor (M-CSF) on muscle regrowth. When atrophied soleus muscles were injected intramuscularly with M-CSF, we observed a 1.6-fold increase in macrophage density and a faster recovery in muscle force (20%), combined with an increase in muscle fiber diameter (10%), after 7 days of reloading, compared with PBS-injected soleus muscles. Furthermore, coculture of atrophied myotubes with or without bone marrow-derived macrophages (BMDM) and/or M-CSF revealed that the combination of BMDMs and M-CSF was required to promote myotube growth (15%). More specifically, M-CSF promoted the anti-inflammatory macrophage phenotype, which in turn decreased protein degradation and MuRF-1 expression by 25% in growing myotubes. These results indicate that specific macrophage subsets can be stimulated to promote muscle cell regrowth after atrophy.